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(54) Optical ADD/DROP multiplexer device 

(57) An optical add/drop multiplexer device which is 
capable of extracting or inserting optical signals of arbi- 
trary wavelength and having a wavelength selection 
characteristic with a narrow bandwidth, and which is 
compact' in size and highly reliable. The device is 
formed by a substrate member; a plurality of optical 
waveguides, formed over the substrate member in lay- 
ers with a prescribed interval along a direction perpen- 
dicular to a plane of the substrate member, each optical 
waveguide having a portion arranged in parallel and in 
proximity to an adjacent optical waveguide to form a 
coupling section; and a diffraction grating member, pro- 
vided at the coupling section and having a prescribed 
period along a light propagation direction, for reflecting 
light signals with a specific wavelength among light sig- 
nals entered from one of adjacent optical waveguides to 
another one of the adjacent optical waveguides. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an optical add/drop 
multiplexer device for extracting or inserting optical sig- 
nals of a specific wavelength at a specific node in con- 
structing a wavelength division multiplexing network in a 
transmission system for long distance optical fiber com- 
munication, optical subscriber system communication, 
optical LAN, optical CATV, etc. 

DESCRIPTION OF THE BACKGROUND ART 

In a recent trend for broadband multimedia commu- 
nication, in addition to a demand for drastic increase of 
a transmission capacity of the optical communication 
system, there is also a demand for improvement in a 
flexibility of the optical communication system by way of 
parallel implementation or network implementation, for 
example. The wavelength division multiplexing (WDM) 
scheme is a transmission scheme that can satisfy the 
above condition, so that it is an important technology 
which is applicable to a wide range of transmission sys- 
tems ranging from a long distance transmission system 
to a subscriber access system. For instance, in the 
WDM scheme, it is possible to extract or insert only a 
part of optical signals at a specific node so as to realize 
an effective utilization of a transmission path, unlike a 
conventional single wavelength communication. 

In the WDM scheme, in practice, there is a need to 
provide an optical add/drop multiplexer (ADM) device 
having a function for extracting only those optical sig- 
nals which have a specific wavelength by using a wave- 
length selection filter, or a function for inserting only 
those optical signals which have a specific wavelength, 
at a point where transmission paths intersect. 

An operation of such a conventional optical ADM 
device will now be described with reference to Fig. 1 . In 
a state where optical signals in four channels having dif- 
ferent wavelengths ^ to A. 4 are transmitted from a 
ground 91 , when an optical ADM device 90 is provided 
between the ground 91 and another ground 93 as 
shown in Fig. 1 , it becomes possible to extract or insert 
only those optical signals which have a specific wave- 
length X 2 at an intermediate ground 92, without termi- 
nating a cable. 

For this type of optical ADM device, it is possible to 
use a configuration as shown in Fig. 2 in which a fiber 
grating filter 94 is used in combination with optical circu- 
lators 95 and 96 (see C.R. Giles and V. Mizrahi, "Low- 
Loss ADD/DROP Multiplexers for WDM Lightwave Net- 
works", paper ThC201, in Technical Digest of IOOC 
*95), or a configuration in which a plurality of dielectric 
multilayer filters are combined. 

In addition, there are also reports of waveguide 
type wavelength selection filters using semiconductors 



or dielectrics. The wavelength selection filters using 
semiconductors include a directional coupler filter using 
a grating (see R.C. AJferness. T.L Koch, LL. Buhl, F. 
Storz, F. Heismann, and M.J.R. Martyak. "Grating- 

s Assisted InGaAsP/lnP vertical codirectional coupler fil- 
ter, Applied Physics Letter, Vol. 55, pp. 2011-2013 
(1989), or H. Sakata and S. Takeuchi, "Grating-Assisted 
Directional Coupler Filters Using AJGaAs/GaAs MWQ 
Waveguides", IEEE Photonics Technology Letters, Vol. 

io 3, pp. 899-901 (1991)), and a notch filter using a grating 
(see J.-P. Weber, B. Stoltz, M. Dasler, and B. Kbek, 
"Four-channel Tunable Optical Notch Filter Using 
InGaAsP/lnP Reflection Gratings". IEEE Photonics 
Technology Letters, Vol. 6. No. 1. pp. 77-79 (1994)). 

is Fig. 3 shows the directional coupler filter as dis- 
closed by AJferness et al., while Figs. 4A ad 4B show the 
notch filter as disclosed by Weber et al. 

Now, in the WDM scheme, there is a need to 
increase a number of transmission wavelengths in order 

20 to increase a transmission capacity, and as a wave- 
length interval becomes narrower, a filter characteristic 
of an optical ADM device is also required to have a nar- 
rower bandwidth. In addition, from a point of view of 
improving the flexibility of the network, it is desirable to 

25 be able to freely select a channel (wavelength) to be 
added/dropped at a specific node or to change a 
number of channels to be added/dropped at a specific 
node. For example, in the WDM scheme using four 
channels with wavelengths to A, 4 as shown in Fig. 1 in 

30 which the optical signals with the wavelength X 2 can be 
added/dropped at the ground 92. it would be desirable if 
it is also possible to add/drop the wavelength X 3 instead 
of the wavelength A^, or to add/drop two channels of A? 
and X 3 instead of just one channel. When the optical 

35 ADM device having such a function is available, it will be 
possible to flexibly deal with a change of channel 
demand so that it will be useful for the restoration in a 
case of emergency as well, and it will be possible to 
construct a dynamic WDM network. 

40 In the conventional optical ADM device using a fiber 
grating or a dielectric multilayer filter, it is possible to 
obtain the filter characteristic with a narrow bandwidth, 
but this in turn requires optical components such as 
optical circulators and 3dB couplers so that the device 

45 itself becomes quite large in size, which is both ineco- 
nomical as well as problematic from a point of view of 
reliability. 

In addition, it is difficult to change the wavelength to 
be selected by the filter in the conventional optical ADM 

so device. Consequently, in order to realize selections of a 
plurality of channels, it is necessary to arrange a plural- 
ity of optical ADM devices in parallel or in series, but this 
in turn requires a complicated configuration. 

On the other hand, in the waveguide type wave- 

55 length filter using semiconductors, it is possible to real- 
ize a configuration in which currents can be injected into 
a filter region so that the reflectivity of the fitter region 
can be controlled by a change of the injected currents, 
and by means of this configuration it is possible to 
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change the wavelength to be selected by the filter. 

However, in the directional coupler type wavelength 
filter mentioned above, it is necessary to elongate the 
coupling length in order to obtain the filter characteristic 
with a narrow bandwidth, and this in turn gives rise to a 
problem of a large size of the device. For instance, in the 
exemplary configuration disclosed by Alter n ess et al., 
the 3dB width of the filter characteristic becomes 6.5 nm 
for the coupling length of 1 mm. In addition, in order to 
control the filter characteristic such as the half width, an 
interval between two optical waveguides or a grating 
shape must be controlled rigorously so that there is a 
problem in that it becomes increasingly difficult to man- 
ufacture the device when the coupling is made stronger. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an optical add/drop multiplexer device which is 
capable of extracting or inserting optical signals of arbi- 
trary wavelength and having a wavelength selection 
characteristic with a narrow bandwidth, and which is 
compact in size and highly reliable. 

According to one aspect of the present invention 
there is provided an optical add/drop multiplexer device, 
comprising: a substrate member; a plurality of optical 
waveguides, formed over the substrate member in lay- 
ers with a prescribed interval along a direction perpen- 
dicular to a plane of the substrate member, each optical 
waveguide having a portion arranged in parallel and in 
proximity to an adjacent optical waveguide to form a 
coupling section; and a diffraction grating member, pro- 
vided at the coupling section and having a prescribed 
period along a light propagation direction, for reflecting 
light signals with a specific wavelength among light sig- 
nals entered from one of adjacent optical waveguides to 
another one of the adjacent optical waveguides. 

Other features and advantages of the present 
invention will become apparent from' the following 
description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for explaining a general concept 
of an optical add/drop multiplexer device. 

Fig. 2 is a diagram showing a configuration of a 
conventional optical add/drop multiplexer device using a 
combination of a fiber grating and optical circulators. 

Fig. 3 is a perspective view with an enlarged detail 
of a conventional directional coupler filter as disclosed 
in Alferness et al. 

Figs. 4A and 4B are longitudinal and transverse 
cross sectional views of a conventional notch filter as 
disclosed in Weber et al. 

Fig. 5A is a perspective view of an optical add/drop 
multiplexer device according to the first embodiment of 
the present invention. 

Fig. 5B is a cross sectional view of the optical 



add/drop multiplexer device of Fig. 5A aJong VB-VB line 
indicated in Fig. 5A. 

Fig. 6A is a perspective view of an optical add/drop 
multiplexer device according to the second embodiment 
5 of the present invention. 

Fig. 6B is a cross sectional view of the optical 
add/drop multiplexer device of Fig. 6A along VIB-VIB 
line indicated in Fig. 6A. 

Fig. 7A is a perspective view of one concrete exam- 
10 pie of the optical add/drop multiplexer device according 
to the second embodiment of the present invention. 

Fig. 7B is a cross sectional view of the optical 
add/drop multiplexer device of Fig. 7A along VIIB-VIIB 
line indicated in Fig. 7A. 
is Fig. 8A is a top plan view of an optical add/drop 
multiplexer device according to the third embodiment of 
the present invention. 

Fig. 8B is a cross sectional view of the optical 
add/drop multiplexer device of Fig. 8 A along VII IB- VII IB 
20 line indicated in Fig. 8A. 

Fig. 9 is a diagram for explaining an exemplary 
operation of the optical add/drop multiplexer device of 
Figs. 8A and 8B. 

Figs. 10A and 10B are diagrams for explaining 
25 another exemplary operation of the optical add/drop 
multiplexer device of Figs. 8 A and 8B. 

Fig. 11 is a cross sectional view of an optical 
add/drop multiplexer device according to the fourth 
embodiment of the present invention. 
30 Fig. 12 is a cross sectional view of an optical 
add/drop multiplexer device according to one modifica- 
tion of the second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
35 EMBODIMENTS 

Now, the preferred embodiments of the optical 
add/drop multiplexer device according to the present 
invention will be described in detail with references to 

40 the drawings. 

Figs. 5A and 5B show a configuration of the optical 
add/drop multiplexer device (abbreviated hereafter as 
optical ADM device) according to the first embodiment 
of the present invention. 

45 In this optical ADM device of Figs. 5A and 5B, a 
semi-insulating layer 7 made of InP is formed on an n- 
type semiconductor substrate 1 made of InP, and a 
lower optical waveguide 2 made of InGaAsP is buried in 
the semi -insulating layer 7. As indicated by dashed lines 

so in Fig. 5 A, this lower optical waveguide 2 is formed in a 
shape which is extended straight from an input port 1 1 , 
curved to one side (right side in Fig. 5A), extended 
straight again, curved to the other side (left side in Fig. 
5A), and extended straight to reach to a through port 1 3. 

55 In addition, a waveguide separation layer 3 made of 
InP is formed on the lower optical waveguide 2 and the 
semi-insulating layer 7, and an upper optical waveguide 
layer 4 made of InGaAsP is formed on the waveguide 
separation layer 3. Then, a cladding layer 5 made of InP 
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is formed on a part of the upper optical waveguide layer 
4 so as to form an upper optical waveguide 4a at a por- 
tion of the upper optical waveguide layer 4 which is 
located directly below the cladding layer 5. As shown in 
Fig. 5A, The cladding layer 5 and the upper optical 5 
waveguide 4a are formed in a shape which is extended 
straight from a drop port 12, curved toward the lower 
optical waveguide 2, extended straight in parallel to the 
lower optical waveguide 2 for a prescribed distance L so 
as to form a coupling section 1 9 between the lower opti- 10 
cal waveguide 2 and the upper optical waveguide layer 
4, curved away from the lower optical waveguide 2, and 
extended straight to reach to an add port 14. 

At the coupling section 1 9 at which the lower optical 
waveguide 2 and the upper optical waveguide 4a are 15 
running in parallel at proximity, a diffraction grating 10 
with a prescribed period A is provided over the pre- 
scribed distance U so that the coupling section 19 con- 
stitutes a filter region for passing or dropping light 
signals of a plurality of wavelengths entered from the 20 
input port 1 1 as will be described below. In the following, 
the prescribed distance L will be referred to as a cou- 
pling length. Note here that, as indicated in Fig. 5B, the 
diffraction grating 10 can be formed by embedding a 
plurality of rod shaped elements made of InGaAsP, for 25 
example, at the prescribed period A, in the waveguide 
separation layer 3 between the lower optical waveguide 
2 and the upper optical waveguide layer 4. Alternatively, 
the diffraction grating 10 can be formed by shaping a 
lower face of the upper optical waveguide layer 4 con- 30 
tacting the waveguide separation layer 3 or an upper 
face of the waveguide separation layer 3 contacting the 
upper optical waveguide layer 4 into a corrugated shape 
or a rugged shape with the prescribed period A. 

The input port 1 1 is coupled with the filter region at 35 
the coupling section 19 via a curved waveguide of the 
lower optical waveguide 2, and connected to the 
through port 13 via a curved waveguide from the lower 
optical waveguide 2 in the filter region. Also, the add 
port 13 is coupled with the filter region via a curved 40 
waveguide of the upper optical waveguide 4a, and con- 
nected to the drop port 12 via a curved waveguide of the 
upper optical waveguide layer 4 from the filter region. In 
this first embodiment, curved waveguides are used in 
order to realize an easy coupling with external fibers, 45 
etc.. but it is also possible to replace a part of a whole of 
the curved waveguides by straight waveguides, and in 
essence, the required function of the optical ADM 
device can be realized by the central filter region alone. 

In the optical ADM device in such a configuration, so 
the light signals of m wavelengths A^ to A. m inserted from 
the input port 1 1 are lead to the filter region at the cou- 
pling section 19 by the lower optical waveguide 2. 
Among the light signals lead to the filter region, only 
those light signals with a prescribed wavelength X^ are 55 
reflected by the diffraction grating 10 constituting the fil- 
ter region and dropped from the drop port 12, while the 
light signals of the other wavelengths are passed 
through the filter region and outputted from the through 



port 13. 

In further detail, the period A of the diffraction grat- 
ing 10 is set up according to the following equation (1): 

A = X k /(n 1 + n 2 ) (1) 

where n 1 is an effective refractive index of the lower 
optical waveguide 2, n 2 is an effective refractive index of 
the upper optical waveguide 4a, and 1 sksmso that 
A* is one specific wavelength among A. n to A^. 

Then, by setting up an interval between the lower 
optical waveguide 2 and the upper optical waveguide 4a 
appropriately, only the light signals in a channel of the 
wavelength A* are reflected by the diffraction grating 10 
and outputted from the drop port 12, while the light sig- 
nals of the other wavelengths are passed through the fil- 
ter region and outputted from the through port 13. 

Here, a wavelength filter formed by the diffraction 
grating 10 is of a reflection type, so that it can be real- 
ized with a shorter coupling length than a conventionally 
used transmission type element with a narrow half 
width. For example, the wavelength interval required in 
the actual WDM system is 1 nm or less, and according 
to the numerical calculation, this wavelength interval 
can be realized by using the coupling length L of 1 mm 
or less in the optical ADM device of the present inven- 
tion. The detailed calculation result will be described 
below. 

On the other hand, in the optical ADM device 
shown in Figs. 5A and 5B, when the light signals of a 
wavelength A* (denoted as A, k ' in Fig. 5A) are entered 
from the add port 14 in a state where the light signals of 
m wavelengths A^ to A^ are inserted from the input port 
1 1 , the entered light signals are reflected by the diffrac- 
tion grating 10 of the filter region similarly, and outputted 
from the through port 13 together with the transmitted 
light signals of the other channels. Consequently, the 
optical ADM device of Figs. 5A and 5B can drop/add the 
light signals of the wavelength A^. 

In addition, by setting up the period A and a depth d 
of the diffraction grating 10 and the coupling length L 
appropriately, it is possible to adjust the half width for 
the reflection characteristic of the diffraction grating 10, 
so that it is also possible to drop/add a plurality of chan- 
nels centered around the wavelength A*. 

Next, Figs. 6A and 6B show a configuration of the 
optical ADM device according to the second embodi- 
ment of the present invention. This optical ADM device 
of Figs. 6A and 6B differs from that of Figs. 5A and 5B 
in that electrodes for carrying out the current injection or 
the electric field application are provided in order to 
make the effective refractive indexes of the optical 
waveguides variable so that the channels selected by 
the diffraction grating 10 can be changed easily. The 
rest of the configuration and the operation of this optical 
ADM device of Figs. 6A and 6B are identical to those of 
Figs. 5A and 5B so that the corresponding structural 
elements are given the same reference numerals in the 
figures and their description will be omitted. 
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In the optical ADM device of Figs. 6A and 6B, a p- 
type capping layer 6 made of InGaAsP is formed on the 
cladding layer 5, and a p-side (positive) electrode 8 is 
formed on this capping layer 6, while an n-side (nega- 
tive) electrode 9 is formed on a lower side of the semi- 5 
conductor substrate 1. Note that the n-side electrode 1 
is formed over an entire lower side of the semiconductor 
substrate 1 , whereas the p-side electrode 8 is formed 
only for a length of the coupling length L at the coupling 
section 19 constituting the filter region. In this second 
embodiment of Figs. 6A and 6B, the upper optical 
waveguide 4a is in a ridge structure while the lower opti- 
cal waveguide 2 is in a buried structure using the semi- 
insulating layer 7 in order to pinch the currents injected 
from the electrodes into the optical waveguides effi- 
ciently. 

In the optical ADM device in such a configuration, 
while in a state of not carrying out the current injection 
or the electric field application by the p-side electrode 8 
and the n-side electrode 9, the light signals of the wave- 
length X determined by the period A of the diffraction 
grating 10 and the effective refractive index of the filter 
region are reflected by the diffraction grating 1 0 similarly 
as in the optical ADM device of Figs. 5A and 5B, but 
when the currents are injected by the p-side electrode 8 
and the n-side electrode 9 or the electric field is applied 
between the p-side electrode 8 and the n-side electrode 
9, the effective refractive index n of the filter region can 
be changed, so that the wavelength X of the light signals 
to be reflected by the diffraction grating 1 0 can be made 
variable. In other words, the channel to be selected by 
the diffraction grating 10 can be changed easily. 

Note that the first and second embodiments 
described above use the ridge structure in which the 
cladding layer 5 is formed as a ridge on the upper opti- 
cal waveguide layer 4. and the upper optical waveguide 
4a is formed inside the upper optical waveguide layer 4 
at a portion located directly below the cladding layer 5, 
but instead of forming the upper optical waveguide 4a 
by providing the ridge shaped cladding layer, it is also 
possible to form the upper optical waveguide in a buried 
structure inside the upper optical waveguide layer 4 
similarly as the lower optical waveguide 2. 

Also, in the first and second embodiments 
described above, only two optical waveguides 2 and 4a 
are formed along a direction perpendicular to a plane of 
the semiconductor substrate 1 (which will be referred 
hereafter as a vertical direction) and these two optical 
waveguides 2 and 4a are provide in parallel and in prox- 
imity to each other along the vertical direction at the 
coupling section 19. but a number of optical waveguides 
is not necessarily limited to just two, and three or more 
optical waveguides may be provided. 

For example, three optical waveguides can be pro- 
vided along the vertical direction in such a manner that, 
at the coupling section of the three, the second optical 
waveguide is provided over the first optical waveguide in 
parallel and in proximity to each other while the third 
optical waveguide is provided over the second optical 



waveguide in parallel and in proximity to each other, and 
the first diffraction grating is provided between the first 
and second optical waveguides while the second dif- 
fraction grating is provided between the second and 
third optical waveguides. In such a configuration, it is 
possible to drop/add the light signals as the first and 
second diffraction gratings respectively reflect the light 
signals of the wavelengths X, and X2 determined by the 
periods A t and A 2 of the first and second diffraction 
gratings and the effective refractive index of the filter 
region. 

In addition, in such a case, it is also possible to form 
the p-side electrode and the n-side electrode outside 
the first, second and third optical waveguides similarly 
as in a case of Figs. 6A and 6B, so as to make the wave- 
lengths of the light signals to be selected by the first and 
second diffraction gratings variable by carrying out the 
current injection or the electric field application by the 
electrodes. 

Next, with references to Figs. 7A and 7B, one con- 
crete example of the optical ADM device as shown in 
Figs. 6A and 6B will be described. 

In this concrete example, as shown in Fig. 7 A, an 
entire optical ADM device chip has a size of 3 mm 
length in a longitudinal direction which is a light propa- 
gation direction and 300 um length in a transverse 
direction. Within 3 mm length in the longitudinal direc- 
tion of this optical ADM device, the coupling section 19 
constituting the filter region occupies 1 mm length, the 
curved waveguide portions of the optical waveguides 2 
and 4a occupy 500 um length on both sides of the cou- 
pling section 19, and each of the other straight 
waveguide portions occupies 500 um length. Also, 
within 300 um length in the transverse direction of this 
optical ADM device, a length between the input port 1 1 
and the drop port 12 is 150 um, and a length of each 
side edge portion is 75 um. 

On the other hand, as shown in Fig. 7B, sizes in a 
cross section of this optical ADM device are as follows. 
A thickness of the semiconductor substrate 1 is 00 um, 
a thickness of the semi -insulating layer 7 which contains 
the lower optical waveguide 2 is 0.5 um, and a thickness 
of the waveguide separation layer 3 is 0.3 um. Also, a 
thickness of the upper optical waveguide layer 4 is 0.5 
um, a thickness of the cladding layer 5 is 1 um, and a 
thickness of the capping layer is 0.2 um. Also, a width of 
the cladding layer 5 is 4 um. 

In a case where the diffraction grating 10 has a 
period A equal to 0.2364 um and a depth equal to 0.03 
um, each portion of this optical ADM device is formed by 
the material as described above in sizes as described 
above, and the current injection by the electrodes is not 
carried out, it is possible to reflect the wavelength of 
1.55 um. According to the numerical calculation, this 
structure can be expected to realize the narrow band- 
width filter characteristic in which the 3 dB bandwidth for 
the reflected spectrum is 0.7 nm in the device with the 
coupling length equal to 1 mm. Moreover, by injecting 
the current of 300 mA at the electrodes 8 and 9. it is 
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possible to change the wavelength by approximately 7 
nm. 

Next, Figs. 8A and 8B show a configuration of the 
optical ADM device according to the third embodiment 
of the present invention. This optical ADM device of s 
Figs. 8A and 8B differs from that of Figs. 6A and 6B in 
that a plurality of diffraction gratings are provided in the 
vertical direction and in the light propagation direction, 
while a plurality of p-side electrodes are provided in 
such a manner that the current injection or the electric 
field application to each of these p-side electrodes can 
be carried out independently. The rest of the configura- 
tion, the materials and the operation of this optical ADM 
device of Figs. 8A and 8B are identical to those of Figs. 
6A and 6B so that the corresponding structural ele- 
ments are given the same reference numerals in the fig- 
ures and their description will be omitted. 

In the optical ADM device of Figs. 8A and 8B, the p- 
side electrode formed on the capping layer 6 is divided 
into a plurality of p-side electrodes 27, 28, 29 and 30 
along the light propagation direction, while the capping 
layer 6 and the cladding layer 5 are also similarly 
divided in correspondence to these p-side electrodes, 
and high resistance regions 31, 32 and 33 are formed at 
gaps between the divided portions in order to separate 
the divided portions electrically. 

Also, a first diffraction grating 34 and a second dif- 
fraction grating 35 are formed as layers along the verti- 
cal direction within a part of the waveguide separation 
layer 3 located directly below the first p-side electrode 
27 and the second p-side electrode 28, while a third dif- 
fraction grating 36 and a fourth diffraction grating 37 are 
formed as layers along the vertical direction within a 
part of the waveguide separation layer 3 located directly 
below the third p-side electrode 29 and the fourth p-side 
electrode 30. Here, the first diffraction grating 34 and 
the fourth diffraction grating 37 are provided adjacent to 
each other at an upper side within the waveguide sepa- 
ration layer 3 along the light propagation direction, while 
the second diffraction grating 35 and the third diffraction 
grating 36 are provided adjacent to each other at a 
lower side within the waveguide separation layer 3 
along the light propagation direction. 

Note that the first, second third and fourth diffrac- 
tion gratings 34, 35, 36 and 37 are formed to have mutu- 
ally different periods A-i , A 2 . A3 and A 4 , respectively. In 
addition, the injection currents h to l 4 to be injected into 
the first to fourth p-side electrodes 27 to 30. respec- 
tively, can be controlled independently in this configura- 
tion. The injection current ^ is injected into the first p- 
side electrode 27 to change the effective refraction 
index of the optical waveguides 2 and 4a located 
directly below the first p-side electrode 27 so as to 
change the reflection characteristic of the first diffraction 
grating 34 and the second diffraction grating 35. Simi- 
larly, the injection current l 2 is injected into the second 
p-side electrode 28 to change the reflection characteris- 
tic of the first diffraction grating 34 and the second dif- 
fraction grating 35, the injection current l 3 is injected into 



the third p-side electrode 29 to change the reflection 
characteristic of the third diffraction grating 36 and the 
fourth diffraction grating 37. and the injection current I4 
is injected into the fourth p-side electrode 30 to change 
the reflection characteristic of the third diffraction grat- 
ing 36 and the fourth diffraction grating 37. In this man- 
ner, by using respectively different injection currents \ A 
to l 4 and respectively different periods A 1 to A 4 for the 
first to fourth diffraction gratings 34 to 37, it is possible 
make these diffraction gratings 34 to 37 to reflect the 
light signals of respectively different wavelengths. 

Next, with reference to Fig. 9, the operation of the 
optical ADM device according to this third embodiment 
will be described. 

As shown in a part (a) of Fig. 9, in a case of using 
eight channels (ch. 1) to (ch. 8) in WDM, it is possible to 
set up the channel interval periods A^ to A4 and the 
injection currents ^ to l 4 such that the first to fourth dif- 
fraction gratings 34 to 37 are allocated to the channels 
(ch. 1) to (ch. 8). For example, it is possible to allocate 
the first diffraction grating 34 to the first channel (ch. 1), 
the second diffraction grating 35 to the second channel 
(ch. 2), the first diffraction grating 34 to the third channel 
(ch. 3), the second diffraction grating 35 to the fourth 
channel (ch. 4), the third diffraction grating 36 to the fifth 
channel (ch. 5), the fourth diffraction grating 37 to the 
sixth channel (ch. 6), the third diffraction grating 36 to 
the seventh channel (ch. 7), and the fourth diffraction 
grating 37 to the eighth channel (ch. 8). 

More specifically, when an appropriate amount of 
the first injection current h is supplied from the first p- 
side electrode 27, the effective refractive index n of the 
filter region directly below the first p-side electrode 27 
will be changed, and the wavelengths and X 2 of the 
first and second channels (ch. 1) and (ch. 2) can be set 
equal to two wavelengths of the light signals to be 
reflected respectively by the first and second diffraction 
gratings 34 and 35, which are determined according to 
the changed effective refractive index n and the periods 
A-[ and A 2 of the first and second diffraction gratings 34 
and 35. In this manner, the first and second diffraction 
gratings 34 and 35 can respectively reflect the first and 
second channels (ch. 1) and (ch. 2) and drop them from 
the drop port. 

Similarly, when the second injection current l 2 
which is different from the first injection current l-t is sup- 
plied from the second p-side electrode 28, the first and 
second diffraction gratings 34 and 35 can respectively 
reflect the third and fourth channels (ch. 3) and (ch. 4) 
of different wavelengths X 3 and X4 and drop them from 
the drop port. 

Similarly, when the third injection current I3 is sup- 
plied from the third p-side electrode 29, the third and 
fourth diffraction gratings 36 and 37 can respectively 
reflect the fifth and sixth channels (ch. 5) and (ch. 6) of 
different wavelengths X 5 and and drop them from the 
drop port. 

Similarly, when the fourth injection current l 4 which 
is different from the third injection current l 3 is supplied 
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from the fourth p-side electrode 30, the third and fourth 
diffraction gratings 36 and 37 can respectively reflect 
the seventh and eighth channels (ch. 7) and (ch. 8) of 
different wavelengths X 7 and X 8 and drop them from the 
drop port. 

Note that, in the third embodiment described 
above, the periods A 3 and A4 of the third and fourth dif- 
fraction gratings 36 and 37 are set to be different from 
the periods A 1 and A 2 of the first and second diffraction 
gratings 34 and 35, but it is also possible to set the peri- 
ods A3 and A 4 of the third and fourth diffraction gratings 
36 and 37 to be equal to the periods A 1 and A 2 of the 
first and second diffraction gratings 34 and 35, respec- 
tively. Even in such a case, by appropriately setting the 
third and fourth injection currents l 3 and l 4 , it is still pos- 
sible to add/drop the light signals of eight channels sim- 
ilarly as in a case described with reference to a part (a) 
of Fig. 9. 

Also, the above description based on a part (a) of 
Fig. 9 is directed to a state in which all of the eight chan- 
nels are reflected and dropped simultaneously by the 
respective diffraction gratings, as each p-side electrode 
controls the corresponding two diffraction gratings into 
the drop state simultaneously. However, it is also possi- 
ble for each p-side electrode to control one correspond- 
ing diffraction grating into the drop state while 
controlling the other corresponding diffraction grating 
into the through state. 

More specifically, in a state described with refer- 
ence to a part (a) of Fig. 9. when the injection current \-\ 
supplied to the first p-side electrode 27 is increased as 
indicated in an upper half of a part (b) of Fig. 9, the 
effective refractive index n of the optical waveguide 
related to the first p-side electrode 27 is changed in 
accordance with the injection current increase, and 
thereby the wavelength of the light signals reflected by 
the first and second diffraction gratings 34 and 35 are 
also changed. Consequently, when this injection current 
I -i is increased until the central wavelength of the reflec- 
tion characteristic of the second diffraction grating 35 
drops the first channel (ch. 1), the second channel (ch. 
2) can be set in the through state so that only the first 
channel (ch. 1) will be dropped. 

On the other hand, when this injection current ^ is 
decreased until the central wavelength of the reflection 
characteristic of the second diffraction grating 35 drops 
the second channel (ch. 2), the first channel (ch. 1) can 
be set in the through state so that only the second chan- 
nel (ch. 2) will be dropped. Similarly, it is also possible to 
set both of the first and second channels (ch. 1 ) and (ch. 
2) in the through state. The same also applies to the 
other channels. 

According to the above description, the optical 
ADM device of the third embodiment can add/drop the 
light signals of arbitrary eight channels out of N chan- 
nels, where N is an integer greater than eight. In addi- 
tion, the add/drop for even greater number of channels 
can also be realized in the similar manner. 

Note that the third embodiment of Figs. 8A and 8B 



is directed to a case in which two diffraction gratings are 
provided in the vertical direction and two diffraction grat- 
ings are provided in the light propagation direction, but 
a number of diffraction gratings to be used is not neces- 

5 sarily limited to just two. and any desired number of dif- 
fraction gratings may be used. 

Also, the third embodiment of Figs. 8A and 8B is 
directed to a case in which a plurality of diffraction grat- 
ings are provided along both the vertical direction and 

10 the light propagation direction, but it is also possible to 
achieve the similar effects by providing a plurality of dif- 
fraction gratings only along the vertical direction or the 
light propagation direction and providing a plurality of 
electrodes with respect to each diffraction grating. 

15 Moreover, as shown in Fig. 10A, it is also possible 
to set the injection currents l-j and l 2 to be supplied to 
the first and second p-side electrodes 27 and 28 equal 
to each other (1 1 = 1 2 ), while setting a state for drop- 
ping only the first channel (ch. 1) by the reflections at 

20 two filter regions corresponding to these two p-side 
electrodes 27 and 28 as described above, and then 
change only the injection current l 2 slightly from this 
state (h * l 2 ) so as to displace the central wavelength of 
the reflection characteristic of the two filter regions cor- 

25 responding to the two p-side electrodes 27 and 28. In 
this manner, the coupling length of the filter can be 
shortened equivalently, so that the half width of the 
reflection characteristic of the corresponding filter 
region can be widened as shown in Fig. 10B. By utilizing 

30 this effect, it is also possible to realize the switching 
from a state for dropping only the first channel (ch. 1) to 
a state for dropping both the first and second channels 
(ch. 1) and (ch. 2) by means of changing the injection 
current l 2 alone from a value equal to the injection cur- 

35 rent I ^ to a value slightly changed from that of the injec- 
tion current l-j. 

Furthermore, in any of the first to third embodi- 
ments described above, it is also possible to use the dif- 
fraction grating whose coupling strength is varying 

40 along the light propagation direction. Here, the varying 
coupling strength of the diffraction grating can be real- 
ized, for example, by varying along the light propagation 
direction a length of the diffraction grating in a direction 
perpendicularly intersecting with the optical waveguides 

45 at the coupling section formed by adjacent optical 
waveguides. By means of such a configuration, the 
characteristic of the filter formed by the coupling section 
can be sharpened, and the side lobe can be made 
smaller. 

so Also, in any of the first to third embodiments 
described above, the light reflectivity of the diffraction 
grating is not particularly specified, and it is assumed 
that the light signals from the input port are 100 % 
reflected to the drop port as an example, but it is also 

55 possibl e to make this reflectivity variable. The change of 
the reflectivity can be realized, for example, by changing 
a length of a region in which the diffraction grating is 
formed along the light propagation direction at the cou- 
pling section, a depth of the diffraction grating, a dis- 
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tance between the adjacent optical waveguides, etc. By 
means of making the reflectivity of the diffraction grating 
variable in this manner, it becomes possible to utilize 
only the light signals of a particular wavelength among a 
plurality of wavelengths, at a plurality of nodes. For 
instance, the light signals of a particular wavelength can 
be dropped 30 % at the first node, dropped 30 % at the 
second node, and dropped 40 % at the third node. 

Next, Fig. 1 1 shows a configuration of the optical 
ADM device according to the fourth embodiment of the 
present invention. This optical ADM device of Fig. 1 1 
differs from that of Figs. 6 A and 6B in that, in contrast to 
a configuration of Figs. 6A and 6B in which the lower 
optical waveguide 2 is formed as a portion sandwiched 
between two portions of the semi-insulating layer 7, the 
semi-insulating layer 7 is eliminated and a lower optical 
waveguide layer 72 made of InGaAsP is formed entirely 
over the semiconductor substrate 1 in place of the semi- 
insulating layer 7 and the lower optical waveguide 2 of 
Figs. 6A and 6B, where an approximately middle portion 
of this lower optical waveguide layer 72 is protruded 
downwards to form a protruded portion 72a such that a 
lower optical waveguide 72b is formed at a part of the 
lower optical waveguide layer 72 corresponding to this 
protruded portion 72a. The rest of the configuration and 
the operation of this optical ADM device of Fig. 1 1 are 
identical to those of Figs. 6 A and 6B so that the corre- 
sponding structural elements are given the same refer- 
ence numerals in the figures and their description will be 
omitted. 

In the embodiments described above, a difference 
between the propagation constants of the upper optical 
waveguide 4a and the lower optica! waveguide 2 has 
not been addressed, but when the propagation con- 
stants of the optical waveguides are identical, the cross- 
talk between ports may be caused. For example, In the 
drop operation shown in Figs. 5 A and 5B where the 
lights of the Bragg wavelength among the lights entered 
from the input port 1 1 are reflected by the diffraction 
grating 10, if the propagation constants of the optical 
waveguides are identical, while the lights are lead to the 
drop port 12 by being coupled to the upper optical 
waveguide 4a, some of these lights may return to the 
input port 11. Also, the transmission lights of wave- 
lengths other than the Bragg wavelength are lead to the 
through port 13, but some of these lights may be lead to 
the add port 14 at the same time, and these lights can 
be the crosstalk which gives rise to an adverse effect. 

There are cases in which this crosstalk can be 
reduced by appropriately setting the coupling length 
and the utilized wavelengths when the propagation con- 
stants of the optical waveguides are identical, but this in 
turn gives rise to restrictions on the coupling length and 
the wavelengths, and it is difficult to simultaneously 
reduce the crosstalks for lights of multiple wavelengths. 

In view of this fact, the optical ADM device of Fig. 1 1 
sets different propagation constants for the upper opti- 
cal waveguide 4a and the lower optical waveguide 72b. 
so as to simultaneously reduce the crosstalks for all the 



wavelengths and also reduce the dependency of the 
level of the crosstalk on the coupling length so that the 
degree of freedom in the device design can be 
enhanced. 

5 More specifically, as shown in Fig. 1 1 , suppose that 

the effective refractive index and the propagation con- 
stant of the lower optical waveguide 72b having a thick- 
ness of w 1 and a refractive index of n 1 are denoted as 
n efn and p 1( while the effective refractive index and the 

10 propagation constant of the upper optical waveguide 4a 
having a thickness of w 2 and a refractive index of ng are 
denoted as n eff2 and p 2 , and there is a relationship of 
"effi < n efi2 between the effective refractive indexes of 
the optical waveguides. Then, there is also a relation- 

15 ship of < p 2 between the propagation constants of the 
optical waveguides. 

When the wavelength of light is denoted as X and 
the period of the diffraction grating 10 is denoted as A, 
the Bragg wavelength for the contra-directional coupling 

20 (coupling in opposite directions) between the lower opti- 
cal waveguide 72b and the upper optical waveguide 4a 
via the diffraction grating 10 is given as a wavelength X 
which satisfies the Bragg condition given by the follow- 
ing equation (2). 

25 

P n + p 2 = 27i • n efn /X + 2n • n eTf2 /X = 2tc/A (2) 

Consequently, in the drop operation, the lights of such a 
wavelength X among the lights entered from the input 

30 port 1 1 will be lead to the drop port 12. 

This wavelength X satisfies the Bragg condition for 
the contra-directional coupling between the lower opti- 
cal waveguide 72b and the upper optical waveguide 4a. 
which is largely off the Bragg condition for the contra- 

35 directional coupling within the same optical waveguide, 
so that the contra-directional coupling within the same 
optical waveguide will hardly be caused. Consequently, 
there will be hardly any lights of the wavelength X which 
are entered from the input port 1 1 and returning to the 

40 input port 11. The same also applies to a case of the 
add operation. 

There are also wavelengths X* and X" which are dif- 
ferent from the wavelength X and which satisfy the 
Bragg condition for the contra-directional coupling 

45 within the same optical waveguide given by the follow- 
ing equations (3). 

2p 1 = 2 x 2tc • n eff1 /X' = 2tc/A 

so 2p 2 =2x27t-n off2 /X M = 2tc/A (3) 

However, by taking an appropriately large value for a dif- 
ference between p 1 and P2. 'S possible to realize the 
setting in which these wavelengths X' and X" are put out- 
55 side the utilized bandwidth. 

On the other hand, when two optical waveguides 
exist in proximity to each other, regardless of existence 
of the diffraction grating, the co-directional coupling 
(coupling in the same direction) occurs so that the lights 
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can wander through the optical waveguides as in a case 
of lights propagating from the lower optical waveguide 
72b to the upper optical waveguide 4a and then to the 
lower optical waveguide 72b again, and so on. 

When the input light power is expressed as 1 , a rate 5 
F of the lights which wander through the optical 
waveguides can be given by the following equation (4): 

F=1/{1 + (A/k) 2 } (4) 

where A = (p n - p 2 )/2 indicates a difference between 
the propagation constants of the two optical 
waveguides, and k is the coupling coefficient which is 
mainly determined by the thickness s of the waveguide 
separation layer 3 for spacing between the two optical 
waveguides and the field distribution of the propagating 
lights. Here, when the propagation constants of the two 
optical waveguides are the same, that is when A = 0, the 
rate F is equal to 1 regardless of the size of the coupling 
coefficient k so that all the transmission lights entered 
from one optical waveguide can be shifted to the other 
optical waveguide depending on the coupling length L 

On the other hand, when the difference A between 
the propagation constants of the two optical waveguides 
is set large, the rate F of the lights which wander 
through the two optical waveguides becomes small. In 
other words, the crosstalk is less for a case of the larger 
difference between the propagation constants of the two 
optical waveguides, while the propagation constant of 
the optical waveguide can be changed by changing a 
thickness, a composition (a refractive index), or a struc- 
ture of the optical waveguide. 

Consequently, the optical ADM device of Fig. 11 
sets different propagation constants for the upper opti- 
cal waveguide 4a and the lower optical waveguide 72b 
such that the crosstalks are reduced simultaneously for 
all the wavelengths and also the dependency of the 
level of the crosstalk on the coupling length is reduced 
so that the degree of freedom in the device design can 
be enhanced. 

Now, with reference to Fig. 11, the difference 
between the propagation constants in this fourth 
embodiment will be described more specifically. As 
shown in Fig. 1 1 , denoting a thickness of the waveguide 
separation layer 3 between the lower optical waveguide 
72b and the upper optical waveguide 4a as s, and a 
thickness of the lower optical waveguide layer 72 as b, 
the following setting of the parameters is used: w-, = 0.8 
jjjn, n 1 = 3.385, w 2 = 0.5 jim, n 2 = 3.310, s = 0.8 *im, b 
= 0.35 jim, the coupling length L = 3.0 mm, and the 
depth of the diffraction grating 10 d = 0.05 jim. Then, for 
the lights in the TEO mode with the wavelength 1.55 

the rate F of the lights which wander through the 
two optical waveguides is 0.0033, the reflectivity is 1 , 
and the full width at half maximum is 3A. Also, there are 
hardly any lights among the lights of 1.55 urn wave- 
length which are entered from the input port 11 and 
returning to the input port 11 . In this case, the difference 
between the propagation constants of the two optical 



waveguides is approximately 3 %. 

An exact value of the difference between the prop- 
agation constants of the two optical waveguides should 
be determined in view of the factors such as a wave- 
length range and a number of wavelengths to be used, 
a limitation on a size of the device, etc., but a value in a 
range of about 0.5 % to 10 % is expected to be appro- 
priate for most cases. 

Note that the fourth embodiment is described 
above for a case of using different structures for the 
lower optical waveguide 72b and the upper optical 
waveguide 4a, but the same structure may be used for 
the two optical waveguides, and this fourth embodiment 
can be realized for any combination of various struc- 
tures available for the optical waveguides. 

As described, according to the present invention, a 
plurality of optical waveguides are formed in layers with 
a prescribed interval in the vertical direction of the sem- 
iconductor substrate, while the diffraction grating is 
formed at the coupling section at which the optical 
waveguides are in parallel and in proximity to each 
other, and the light signals of a specific wavelength 
among the light signals entered into one of the adjacent 
optical waveguides forming the coupling section are 
reflected to the other one of the adjacent optical 
waveguides by the diffraction grating, so that it is possi- 
ble to add/drop the light signals of arbitrary wavelength 
accurately at a high reliability by a simple and compact 
structure. 1 

Also, according to the present invention, when the 
light signals of a specific wavelength among the light 
signals, which are entered into one of the adjacent opti- 
cal waveguides among a plurality of optical waveguides 
formed in layers with a prescribed interval in the vertical 
direction of the semiconductor substrate, are reflected 
to the other one of the adjacent optical waveguides by 
the diffraction grating, the wavelength of the light signals 
to be reflected by the diffraction grating can be made 
variable by carrying out the current injection or the elec- 
tric field application from the electrode structure, so that 
it is possible to provide the optical ADM device which is 
capable of arbitrarily changing the wavelength of the 
light signals that can be subjected to the add/drop oper- 
ation by means of the current injection or the electric 
field application, at a high reliability in a simple and com- 
pact structure. Consequently, it becomes easier to con- 
struct the dynamic WDM network which can flexibly 
deal with the change of the channel demand and which 
is also useful for the restoration at a time of emergency. 
In addition, it is also possible to drastically improve the 
flexibility of the WDM network. 

Moreover, according to the present invention, a plu- 
rality of diffraction gratings with respectively different 
periods can be formed along either one or both of the 
vertical direction of the semiconductor substrate and the 
light propagation direction, and the current injection or 
the electric field application from the electrode structure 
can be carried out independently for each diffraction 
grating or simultaneously for all the diffraction gratings, 
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so that it is possible to reflect or pass the light signals of 
different wavelengths by the respective diffraction grat- 
ings. 

Furthermore, according to the present invention, at 
least one of the optical waveguides connected to the 
coupling section can be formed by a curved waveguide, 
so that the coupling with the external fiber, etc., can be 
made easier. 

Moreover, according to the present invention he 
coupling strength of the diffraction grating can be 
changed along the light propagation direction, so that 
the characteristic of the filter formed by the coupling 
section can be sharpened, and the side lobe can be 
made small. 

Furthermore, according to the present invention, 
the propagation constant of at least one optical 
waveguide among a plurality of optical waveguides can 
be set different from those of the other optical 
waveguides, or the propagation constants of a plurality 
of optical waveguides can be set different from each 
other, so that the crosstalk among the optical 
waveguides can be reduced, and it is possible to realize 
the optical ADM device with the very narrow bandwidth 
filter characteristic. 

It is to be noted that, in each embodiment described 
above, it is possible to use any desired waveguide struc- 
ture including the buried structure using Fe-lnP, the bur- 
ied structure using p-n reverse junction, the ridge 
structure, etc., for the light waveguiding and current 
pinching structure. It is also possible to use a superlat- 
tice waveguide for the optical waveguide. As for the 
semiconductor material, apart from InGaAsP/lnP type 
described above, it is also possible to use the other 
types of semiconductor material such as AIGalnAs/lnP 
type, AIGaAs/GaAs type, etc. 

In addition, it is also possible to realize the optical 
ADM device of the present invention by using the 
waveguide structure other than the semiconductor 
based one, such as those using Si0 2 /Si, Si0 2 -Ge0 2 /Si, 
etc., and the tuning function can be realized by using 
the refractive index changing mechanism suitable for 
the utilized waveguide structure such as that based on 
the thermo-optic effect. 

Moreover, the electrode structure formed by two 
electrodes provided on top and bottom sides of the opti- 
cal ADM device used in the second to fourth embodi- 
ments for the purpose of changing the effective 
refractive index of the filter region can be replaced by a 
single heater electrode provided on one side of the opti- 
cal ADM device so that the effective refractive index of 
the filter region can be changed due to the heat applied 
by this heater electrode. For example, a configuration of 
the second embodiment shown in Fig. 6B can be modi- 
fied into a configuration as shown in Fig. 12, where a 
heater electrode 80 is provided on top of the capping 
layer 6 instead of the electrodes 8 and 9 of Fig. 6B. The 
heater electrode 80 may be provided below the semi- 
conductor substrate 1 instead, if desired. 

It is also to be noted that, besides those already 



mentioned above, many modifications and variations of 
the above embodiments may be made without depart- 
ing from the novel and advantageous features of the 
present invention. Accordingly, all such modifications 
5 and variations are intended to be included within the 
scope of the appended claims. 

Claims 

10 1 . An optica! add/drop multiplexer device, comprising: 

a substrate member (1); and 

a plurality of optical waveguides (2, 4a, 72b), 

formed over the substrate member (1); 

15 

CHARACTERIZED IN THAT 

said plurality of optical waveguides (2, 4a. 
72b) are formed in layers with a prescribed interval 
along a direction perpendicular to a plane of the 

20 substrate member (1), each optical waveguide (2, 
4a, 72b) having a portion arranged in parallel and in 
proximity to an adjacent optical waveguide to form a 
coupling section (19); and 

a diffraction grating member (10), provided 

25 at the coupling section (1 9) and having a prescribed 
period along a light propagation direction, for 
reflecting light signals with a specific wavelength 
among light signals entered from one of adjacent 
optical waveguides (2, 4a, 72b) to another one of 

30 the adjacent optical waveguides (2, 4a, 72b). 

2. The device of claim 1 , wherein an outermost optical 
waveguide (4a) is formed by an optical waveguide 
layer (4) made of a material for the outermost opti- 

35 cal waveguide (4a) and arranged to cover one side 
of the device entirely at a layer position of the outer- 
most optical waveguide (4a), and a cladding layer 
(5) provided in a form of protrusion on the optical 
waveguide layer (4) over a position of the outermost 

40 optical waveguide (4a) within the optical waveguide 
layer (4). 

3. The device of claim 1 , wherein the diffraction grat- 
ing member (10) has a reflectivity which is variable 

45 according to at least one of parameters including a 
length of a region in the light propagation direction 
for which the diffraction grating member (10) is pro- 
vided at the coupling section (19), a depth of the dif- 
fraction grating member (10) with respect to the 

so adjacent optical waveguides (2, 4a, 72b) at the cou- 
pling section (19), and a distance between the adja- 
cent optical waveguides (2, 4a, 72b) at the coupling 
section (19). 

55 4. The device of claim 1 , further comprising: 

a waveguide separation layer (3) formed 
between each adjacent optical waveguides (2, 
4a, 72b), wherein the diffraction grating mem- 
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ber (10) is formed by shaping a contacting sur- 
face between the waveguide separation layer 
(3) and one optical waveguide into a corru- 
gated shape or a rugged shape with the pre- 
scribed period along the light propagation 5 
direction. 

5. The device of claim 1 , further comprising: 

at least one additional diffraction grating mem- 10 
ber (34, 35, 36, 37), provided at the coupling 
section (19) and having another prescribed 
period along the light propagation direction, for 
reflecting light signals with another specific 
wavelength among light signals entered from 15 
one of the adjacent optical waveguides (2, 4a, 
72b) to another one of the adjacent optical 
waveguides (2, 4a, 72b). 

6. The device of claim 5, wherein the diffraction grat- 20 
ing member and the additional diffraction grating 
member (34, 35, 36, 37) are arranged in parallel to 
each other along the light propagation direction. 

7. The device of claim 5, wherein the diffraction grat- zs 
ing member and the additional diffraction grating 
member (34, 35, 36, 37) are arranged in parallel to 
each other along said direction perpendicular to the 
plane of the substrate member (1). 

30 

8. The device of claim 5, wherein the diffraction grat- 
ing member and the additional diffraction grating 
member (34, 35, 36, 37) are arranged in parallel to 
each other along the light propagation direction and 
said direction perpendicular to the plane of the sub- 35 
strate member. 

9. The device of claim 5, wherein the diffraction grat- 
ing member and the additional diffraction grating 
member (34. 35. 36. 37) have different periods 40 
along the light propagation direction. 

10. The device of claim 5, further comprising: 

a waveguide separation layer (3) formed 45 
between each adjacent optical waveguides (2, 
4a, 72b). wherein the diffraction grating mem- 
ber and the additional diffraction grating mem- 
ber (34, 35, 36, 37) are provided within the 
waveguide separation layer (3) and made of a so 
material for the optical waveguides (2, 4a, 72b). 

1 1 . The device of claim 1 , wherein at least one of each 
adjacent optical waveguides (2, 4a, 72b) has 
curved portions connected with a portion forming 55 
the coupling section (19). 

12. The device of claim 1, wherein the diffraction grat- 
ing member (10) has a strength of coupling with 



respect to the optical waveguides (2, 4a, 72b) at the 
coupling section (19) which is varying along the 
light propagation direction. 

1 3. The device of claim 1 . wherein said plurality of opti- 
cal waveguides (2, 4a, 72b) include one optical 
waveguide which has a propagation constant differ- 
ent from that of another optical waveguide among 
said plurality of optical waveguides. 

14. The device of claim 13, wherein said one optical 
waveguide has one of a thickness, a refractive 
index, and a structure different from said another 
optical waveguide so as to make the propagation 
constant different from said another optical 
waveguide. 

15. The device of claim 13, wherein a difference 
between propagation constants of said one optical 
waveguide and said another optical waveguide is in 
a range of 0.5 % to 10 %. 

1 6. The device of claim 1 , wherein said plurality of opti- 
cal waveguides (2, 4a, 72b) have mutually different 

propagation constants. 

17. The device of claim 16, wherein each optical 
waveguide has one of a thickness, a reflective 
index, and a structure different from other optical 
waveguides among said plurality of optical 
waveguides so as to make the propagation con- 
stant different from the other optical waveguides. 

18. The device of claim 16, wherein a difference 
between propagation constants of each two optical 
waveguides is in a range of 0.5 % to 10 %. 

19. The device of claim 1 , further comprising: 

an electrode structure (8, 9), provided on both 
sides of said plurality of optical waveguides (2, 
4a, 72b) along said direction perpendicular to 
the plane of the substrate member (1), for car- 
rying out a current injection or an electric field 
application with respect to the coupling section 
(1 9) in order to change the specific wavelength 
of light signals to be reflected by the diffraction 
grating member (10). 

20. The device of claim 1 9, wherein the electrode struc- 
ture (8, 9) includes a first electrode member (9) 
formed over one side of the substrate member (1) 
opposite to another side on which said plurality of 
optical waveguides (2, 4a, 72b) are arranged, and a 
second electrode member (8) formed over an outer- 
most optical waveguide (4a) on said another side of 
the substrate member (1). 

21. The device of claim 19, wherein an outermost opti- 
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cal waveguide (4a) is formed by an optical 
waveguide layer (4) made of a material for the out- 
ermost optical waveguide (4a) and arranged to 
cover one side of the device entirely at a layer posi- 
tion of the outermost optical waveguide (4a), and a 5 
cladding layer (5) provided in a form of protrusion 
on the optical waveguide layer (4) over a position of 
the outermost optical waveguide (4a) within the 
optical waveguide layer (4); and 

the electrode structure (8. 9) includes a first w 
electrode member (9) formed over one side of the 
substrate member (1) opposite to another side on 
which sard plurality of optical waveguides (2, 4a, 
72b) are arranged, a capping layer (6) formed over 
the cladding layer (5), and a second electrode 15 
member (8) formed over the capping layer (6). 

22. The device of claim 19. further comprising: 

at least one additional diffraction grating mem- 20 
ber (34, 35, 36, 37), provided at the coupling 
section (19) and having another prescribed 
period along the light propagation direction, for 
reflecting light signals with another specific 
wavelength among light signals entered from 25 
one of the adjacent optical waveguides (2, 4a, 
72b) to another one of the adjacent optical 
waveguides (2, 4a, 72b); 



current injection or the electric field application can 
be carried out with respect to the diffraction grating 
member and the additional diffraction grating mem- 
ber (34, 35, 36. 37) independently or simultane- 
ously. 

27. Tlie device of claim 1 9. wherein the electrode struc- 
ture (8, 9) includes a plurality of electrode members 
(27, 28, 29, 30) which are provided independently 
along the light propagation direction, and which are 
capable of carrying out the current injection or the 
electric field application independently or simulta- 
neously. 

28. The device of claim 1 , further comprising: 

a heater electrode (80), provided on one side of 
said plurality of optical waveguides (2, 4a, 72b) 
along said direction perpendicular to the plane 
of the substrate member (1). for carrying out a 
heat application with respect to the coupling 
section (19) in order to change the specific 
wavelength of light signals to be reflected by 
the diffraction grating member (10). 



wherein the electrode structure (8, 9) carries 30 
out the current injection or the electric field applica- 
tion with respect to each diffraction grating member 
(34, 35, 36, 37) so as to reflect light signals of differ- 
ent wavelengths by the diffraction grating member 
and the additional diffraction grating member (34, 35 
35, 36, 37). 

23. The device of claim 22, wherein the diffraction grat- 
ing member and the additional diffraction grating 
member (34, 35, 36. 37) have different periods and 40 
arranged along said direction perpendicular to the 
plane of the substrate member (1). 



24. The device of claim 22, wherein the diffraction grat- 
ing member and the additional diffraction grating 4s 
member (34, 35, 36. 37) have different periods and 
arranged along the light propagation direction. 



25. The device of claim 22, wherein the diffraction grat- 
ing member and the additional diffraction grating so 
member (34, 35, 36, 37) have different periods and 
arranged along said direction perpendicular to the 
plane of the substrate member (1) and the light 
propagation direction. 

55 

26. The device of claim 22. wherein the electrode struc- 
ture (8, 9) includes a plurality of electrode members 
(27, 28, 29, 30) which are provided independently 
along the light propagation direction, so that the 
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